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clean surface of metals under the action of light is really a 
chemical phenomenon. It had been asserted by some experi¬ 
menters that'the most oxidisable metals acted most powerfully, 
but my own experience renders this doubtful; I now find tha* 
gold platinum and carbon discharge with very fair rapidity, and 
that nearly all substances have some discharging power, A 
few materials, cobalt among metals, discharge positive electrifi¬ 
cation more rapidly than negative. The whole matter is there¬ 
fore now under investigation. 

In the foot-note to same column, end of first paragraph, the 
word “even” should be deleted. The assertion intended is 
that dried soil discharges rapidly, while damp soil discharges 
only slowly. 

Same page, middle of second column, “two years ago” 
should be four years ago ; since Fitzgerald’s Royal Institution 
Lecture was delivered in March 1890, and reported in Nature 
of June 19 the same year. 

Lower down, the name Kolacec, preceding that of D. E. 
Jones, has been omitted. 

Page 13S. second column, with reference to the reflecting 
power of different substances it may be interesting to give the 
following numbers, showing the motion of the spot of light 
when 8 inch waves were reflected into the copper hat, the 


angle of incidence being about 45”, by the following 
mirrors :— “ 


0, 

or at most i. 


division. 

7 

divisions. 

12 

it 

12 

if 

40 

it 

70 

it 

So 



onset ot window glass 

Human body 
Drawing board 
Towel soaked with tap-water 

Tea-paper (lead ?). 

Dutch metal paper 

Tinfoil ... . 

Sheet copper .... ... ... 100 and up against 

stops. , 

r age 139. It would have been clearer if (he penultimate 
paragraph, beginning “ To demonstrate," had run thus 

To demonstrate that the so-called plane of polarisation of 
the radiation transmitted by a grid is at right angles to the 
electric vibration, i.e. that when light is reflected from the 
boundary of a transparent substance at the polarising an'de the 
electric vibrations of the reflected beam are perpendicular to 
the plane of reflection, I use, &c. 

The following is a copy of one of the wall-diagrams; it is 
interesting as showing how numerous the now-known detectors 
of radiation are :— 


DETECTORS OF RADIATION. 
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Selenium (?) 

Impulsion Cell 
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Thermal Junction 
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(Dragoumi.-) 

Galvanometer 

(Fitzgerald) 
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(Boltzmann) 






Trigger Tube 
(WarburgandZehnder) 




Th- mmHaSMh* 8 " d 1 s lh ?’ 11 n,t appear really to respond to radiation, unit 

nlarerl. n St r thtr ',2 s are unimportant, but suggest the persons who applied the detector to electric 
placed there because of uncertainty as to its most appropriate column. 


umess stimulated ... eccuuuiu) Lidtikcr. 

■ ' ~ radiation. The query against Selenium is 


STUDY OF FLUID MOTION BY MEANS OF I 
COLOURED BANDS. x 

JN his charming story of “The Purloined Letter,” Edgar 
Allan Poe tells how all the efforts and artifices of the Paris 
police to obtain possession of a certain letter, known to be in a 
particular room, were completely baffled for months by the 
simple plan of leaving the letter in an unsealed envelope in a 
et a e u’ raC . 50 destroying all curiosity as to its contents ; 

and how the letter was at last found there by a young man who 
was not a professional member of the force. Closely analogous to 
his is the story I have to set before you to-night—how certain 
mysteries of fluid motion, which have resisted all attempts to pene¬ 
trate them, are at last explained by the simplest means and in 
the most obvious manner. 

This indeed is no new story in science. The method adopted 
y the minister, I?, t to secrete his letter appears to be the 
tayourite of nature in keeping her secrets, and the history of 
science teems with instances in which keys, after being long 
sought amongst the grander phenomena, have been found at 
last not hidden with care, but scattered about, almost openly, 
m . e , most commonplace incidents of everyday life which have 
excited no curiosity. 

Osb^aeRej e no1di V F e R S ,heRoyaI ^tituticn of Great Britain by Prof. 
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This was the case in physical astronomy—to which I shall 
return after having reminded you that the motion of matter in 
the universe naturally divides itself into three classes. 

(1) The motion of bodies as a whole—as a grand illustration 
of which we have the heavenly bodies, or more humble, but 
not less effective, the motion of a pendulum, or a falling body. 

(2) The relative motion of the different parts of the same 
fluid or elastic body—-for the illustration of which we may goto 
the grand phenomena presented by the tide, the whirlwind, or 
the transmission of sound, but which is equally well illustrated 
by the oscillatory motion of the wave, as shown by the motion 
of its surface and by the motion of this jelly, which, although 
the most homely illustration, affords by far the best illustration 
of the properties of an elastic solid. 

(3) The inter-motions of a number of bodies amongst each other 

to which class belong the motions of the molecules of matter 

resulting from heat, as the motions of the molecules of a gas, 
in illustration of which I may mention the motions of indi¬ 
viduals in a crowd, and illustrate by the motion of the grains 
in this bottle when it is shaken, during which the white grains 
at the top gradually mingle with the black ones at the bottom—- 
which inter-diffusion takes an important part in the method of 
coloured bands. 

Now of these three classes of motion that of the individual 
body is incomparably the simplest. Yet, as presented in the 
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phenomena of the heavens, which have ever excited the 
greatest curiosity of mankind, it defied the attempts of all 
philosophers for thousands of years, until Galileo discovered 
the laws of motion of mundane matter. It was not until he 
had done this and applied these laws to the heavenly bodies 
that their motions received a rational explanation. Then 
Newton, taking up Galileo’s parable and completing it, found 
that its strict application to the heavenly bodies revealed the 
law of gravitation, and developed the theory of dynamics. 

Next to the motions of the heavenly bodies, the wave, the 
whirlwinds, and the motions of clouds, had excited the philo¬ 
sophical curiosity of mankind from the earliest time. Both 
Galileo and Newton, as well as their followers, attempted to 
explain these by the laws of motion, but, although the results 
so obtained have been of the utmost importance in the develop¬ 
ment of the theory of dynamics, it was not till this century that 
any considerable advance was made in the application of this 
theory to the explanation of lluid phenomena; and although 
during the last fifty years splendid work has been done, work 
which, in respect of the mental effort involved, or the scientific 
importance of the results, goes beyond that which resulted in 
the discovery of Neptune, yet the circumstances of fluid motion 
are so obscure and complex that the theory has yet been inter¬ 
preted only in the simplest cases. 

To illustrate the difference between the interpretation of the 
theory of heavenly bodies and that of fluid motion, I would call 
your attention to the fact that solid bodies, on the behaviour of 
which the theory of the motion of the planets is founded, move 
as one piece, so that their motion is exactly represented by 
the motion of their surfaces; that they are not affected with 
any internal disorder which may affect their general motion. 
So surely is this the case that even those who have never heard 
of dynamics can predict with certainty how any ordinary body 
will behave under any ordinary circumstances, so much so that 
any departure is a matter of surprise. Thus I have here a cube 
of wood, to one side of which a string is attached. Now hold 
it on one side, and you naturally suppose that when I let go 
holding the string it will turn down so as to hang with the 
string vertical; that it does not do so is a matter of surprise. 

I place it on the other side, and it still remains as I place it. If 
I swing it as a pendulum it does not behave like one. 

Would Galileo have discovered the laws of motion had his 
pendulum behaved like this? W'hy is its motion peculiar? 
There is internal motion. Of what sort ? Well, I think my 
illustration may carry more weight if I do not tell you ; you can 
all, I have no doubt, form a good idea. It is not fluid motion, 
or I should feel bound to explain it. You have here an ordinary¬ 
looking object which behaves in an extraordinary manner, 
which is yet very decided and clear, to judge by the motion of 
its surface, and from the manner of the motion I wish you to 
judge of the cause of the observed motion. 

This is the problem presented by fluids, in which there may 
be internal motion which has to be taken into account before 
the motion of the surface can be explained. You can see no 
more of what the motion is within a homogeneous fluid, how¬ 
ever opaque or clear, than you can see what is going on within 
the box. Thus without colour bands the only visual clue to 
what is going on within the fluids is the motion of their bound¬ 
ing surfaces. Nor is this all; in most cases the surfaces which 
bound the fluid are immovable. 

In the case of the wave on water the motion of the surface 
shows that there is motion, but because the surface shows no 
wave it does not do to infer that the fluid is at rest. 

The only surfaces of the air within this room are the surfaces 
of the floor, walls, and objects within it. By moving the 
objects we move the air, but how far the air is at rest you can¬ 
not tell unless it is something familiar to you. 

Now I will ask you to look at these balloons. They are 
familiar objects enough, and yet they are most sensitive anemo¬ 
meters, more sensitive than anything else in the room ; but even 
they do not show any motion ; each of them forms an internal 
bounding surface of the air. I send an aerial messenger to them, 
and a small but energetic motion is seen by which it acknow¬ 
ledges the message, and the same message travels through 
the rest, as if a ghost touched them. It is a wave that 
moves them. You do not feel it, and, but for the surfaces of 
the air formed by the balloons, would have no notion of its 
existence. 

In this tank of beautifully clear distilled water, I project a 
heavy ball in from the end, and it shows the existence of the 
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water by stopping almost dead within two feet. The fact that 
it is stopped by the water, being familiar, does not raise the 
question, Why does it stop?—a question to which, even at the 
present day, a complete answer is not forthcoming. The question 
is, however, suggested, and forcibly suggested, when it appears 
that with no greater or other evidence of its existence, I can 
project a disturbance through the water which will drive this 
small disc the whole length of the tank. 

I have cow shown instances of fluid motion of which the man¬ 
ner is in no way evident without colour bands, and were revealed 
by colour hands, as I showed in this room sixteen years ago. At 
that time I was occupied in setting before you the manners of 
motion revealed, and I could only incidentally notice the means 
by which this revelation was accomplished. 

Amongst the ordinary phenomena of motion there are many 
which render evident the internal motion of fluids. Small 
objects suspended in the fluid are important, and that their im¬ 
portance has long been recognised is shown by the proverb— 
straws show which way the wind blows. Babbies in water, 
smoke and clouds, afford the most striking phenomena, and it 
is doubtless these that have furnished philosophers with such 
clues as they have had. But the indications furnished by these 
phenomena are imperfect, and, what is more important, they 
only occur casually, and in general only under circumstances 
of such extreme complexity that any deduction as to the elemen¬ 
tary motions involved is impossible. They afford indication of 
commotion, and perhaps of the general direction in which the 
commotion is tending, but this is about ail. 

For example, thedifferent types of clouds ; these have always 
been noticed, and are all named. And it is certain that each 
type of clouds is an indication of a particular type of motion 
in the air; but no deductions as to what definite manner of 
motion is indicated by each type of cloud have ever been 
published. 

Before this can be done it is necessary to reverse the problem 
and find to what particular type of cloud a particular manner 
of motion would give rise. Now a cloud, as we see it, does not 
directly indicate the internal motion of which it is the result. 
As we look at clouds, it is not in general their motion that we 
notice, but their figure. It is hard to see that this figure changes 
while we are watching a cloud, though such a change is con¬ 
tinually going on, but is apparently very slow on account of the 
great distance of the cloud and its great size. However, types 
of clouds are determined by their figure, not by their motion. 
Now what their figure shows is not motion, but it is the history 
or result of the motion of the particular strata of the air in and 
through surrounding strata. Hence, to interpret the figures 
of the clouds we must study the charges in shape of fluid 
masses, surrounded by fluid, which result from particular 
motions. 

The ideal in the method of colour bands is to render streaks 
or lines in definite position in the fluid visible, without in 
any way otherwise interfering with these properties as part 
of the homogeneous fluid. If we could by a wish create 
coloured lines in the water, these would he ideal colour hands. 
We cannot do this, nor can we exactly paint lines in the air or 
water. 

I take this ladle full of highly coloured water, lower it slowly 
into the surface of the surrounding water till that within is 
level with that without; then turn the ladle carefully round the 
coloured water ; the mass of coloured water will remain where 
placed. 

I distribute the colour slowly. It does not mix with the clear 
water, and although the lines are irregular they stand out very 
beautifully. Their edges are sharp here. But in this large 
sphere, which was coloured before the lecture, although the 
coloured lines have generally kept their places, they have, as it 
were, swollen out and become merged in the surrounding water 
in consequence of molecular motion. The sphere shows, how¬ 
ever, one of the rarest phenomena in nature—the internal state 
in almost absolute internal rest. The forms resemble nothing 
so much as stratus clouds, as seen on a summer day, though the 
continuity of the colour bands is more marked. A mass of 
coloured water once introduced is never broken. The discon¬ 
tinuity of clouds is thus seen to be due to other causes than mere 
motion. 

Now, having called our attention to the rarity of water at 
rest, I will call your attention to what is apt to be a very strik¬ 
ing phenomena, namely that when water is contained, like this, 
in a spherical vessel of which you cannot alter the shape, it is 
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impossible by moving the vessel suddenly to set up relative 
motion in the interior of the water. 1 may swing this vessel 
about and turn it, but the colour band in the middle remains as 
it was, and when I stop shows the water to be at rest. 

This is not so if the water has a free surface, or if the fluid is 
of unequal density. Then a motion of the vessel sets up waves, 
and the colour band shows at once the beautifully lawful 
character of the internal motion. The colour bands move back¬ 
wards and forwards, showing how the water is distorted like a 
jelly, and as the wave dies out the colour bands remain as they 
were to begin with. 

This illustrates one of the two classes of internal motion of 
water or fluid. Wherever fluid is not in contact with sur¬ 
faces over which it has to glide, or which surfaces fold on them¬ 
selves, the internal motions are of this purely wave character. 
The colour bands, however much they may be distorted, cannot 
be relatively displaced, twisted, or curled up, and in this case 
motion in water once set up continues almost without resistance. 
That wave motion in water with a free surface, is one of the most 
difficult things to stop is directly connected with the difficulty of 
setting still water in motion ; in either case the influence must 
come through the surfaces. Thus it is that waves once set up 
will traverse thousands of miles, establishing communication 
between the shores of Europe and America. Wave motion in 
water is subject to enormously less resistance than any other 
form of material motion. 

In wave motion, if the colour bands are across the wave 
they show the motion of the water; nevertheless, their chief 
indication is of the change of shape while the fluid is in motion. 

This is illustrated in this long bottle, with the coloured water 
less heavy than the clear water. If I lay it down in order to 
establish equilibrium, the blue water has to leave the upper end 
of the bottle and spread itself over the clear water, while the 
clear water runs under the coloured. This sets up wave motion, 
which continues after the bottle has come to rest. But as the 
colour bands are parallel with the direction of motion of the 
waves, the motion only becomes evident in thickening and bend¬ 
ing of the colour bands. 

The waves are entirely between the two fluids, there being no 
motion in the outer surfaces of the bottle, which is everywhere 
glass. They are owing to the slight differences in the density 
of the fluids, as is indicated by the extreme slowness of the 
motion. Of such kind are the waves in the air, that cause the 
clouds which make the mackerel sky, the vapour in the tops of 
the waves being condensed and evaporated again as it descends 
showing the results of the motion. 

The distortional motions, such as alone occur in simple wave 
motion,or where the surfaces of the fluid do not fold in on them¬ 
selves, or wind in, are the same as occur in any homogeneous 
continuous material which completely fills the space between 
the surfaces. 

If plastic material is homogeneous in colour it shows nothing 
as to the internal motion ; but if I take a lump built of plates, 
blue and white, say a square, then I can change the surfaces to 
any shape without folding or turning the lump, and the coloured 
bands which extend throughout the lump show the internal 
changes. Now the first point to illustrate is that, however I 
change its shape, if I bring it back to the original shape the 
colour bands will all come back to their original positions, and 
there is no limit to the extent of the change that may thus be 
effected. I may roll this out to any length, or draw it out, and 
the diminution in thickness of the colour bands shows the 
extent of the distortion. This is the first and simplest class 
of motion to which fluids are susceptible. By this motion alone 
elements of the fluid may be, and are, drawn out to in¬ 
definitely fine lines, or spread out in indefinitely thin sheets, 
but they will remain of the same general figures. 

By reversing the process they change back again to the original 
form. No colour band can ever be broken, even if the outer sur¬ 
face be punched in till the punch head comes down on the table ; 
still all the colour bands are continuous under the punch, and 
there is no folding or lapping of the colour bands unless the 
external surface is folded. 

The general idea of mixture is so familiar to us that the vast 
generalisation to which these ideas afford the key, remains un¬ 
noticed. That continued mixing results in uniformity, and that 
uniformity is only to be obtained by mixing, will be generally 
acknowledged, but how deeply and universally this enters into 
all the arts can but rarely have been apprehended. Does it 
ever occur to any one.that the beautiful uniformity of our textile 
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fabrics has only been obtained by the development of processes 
of mixing the fibres ? Or, again, the uniformity in our con¬ 
struction of metals; has it ever occurred to any one that the 
inventions of Arkwright and Cort were but the application of 
the long-known processes by which mixing is effected in culinary 
operations? Arkwright applied the draw-rollers to uniformly 
extend the length of the cotton sliver at the expense of the 
thickness ; Cort applied the rolling-mill to extend the length of 
the iron bioom at the expense of its breadth ; but who invented 
the rolling-pin by which the pastrycook extends the length at 
the expense of the thickness of the dough for the pie-crust ? 

In all these processes the object, too, is the same throughout 
—to obtain some particular shape, but chiefly to obtain a uni¬ 
form texture. To obtain this nicety of texture it is necessary 
to mix up the materia!, and to accomplish this it is necessary to 
attenuate the material, so that the different parts may be brought 
together. 

The readiness with which fluids are mixed and uniformity 
obtained is a byword ; but it is only when we come to see the 
colour bands that we realise that the process by which this is 
attained is essentially the same as that so laboriously discovered 
for the arts—as depending first on the attenuation of each 
element of the fluid—as I have illustrated by distortion. 

In fluids, no less than in' cooking, spinning and rolling—this 
attenuation is only the first step in the process of mixing—all 
involve the second process, that of folding, piling, or wrapping, 
by which the attenuated layers are brought together. This 
does not occur in the pure wave motion of water, and constitutes 
the second of the two classes of motion. If a wave on water is 
driven beyond a certain height it leaps or breaks, folding in 
its surface. Or, if I but move a solid surface through the 
water it introduces tangential motion, which enables the 
fluid to wind its elements round an axis. In these ways, and 
only in these ways, we are released from the restriction of not 
turning or lapping. And in our illustration, we may fold up 
our dough, or lap it—roll it out again and lap it again ; cut up our 
iron bar, pile it, and roll it out again, or bring as many as we 
please of the attenuated fibres of cotton together to be further 
drawn. It may be thought that this attenuation and wrapping 
will never make perfect admixture, for however thin each 
element will preserve its characteristic, the coloured layers will 
be there, however often I double and roll out the dough. This 
is true. But in the case of some fluids, aud only in the case of 
some fluids, the physical process of diffusion completes the ad¬ 
mixture. These colour bands have remained in this water, 
swelling but still distinct ; this shows the slowness of diffusion. 
Yet such is the facility with which the fluid will go through the 
process of attenuating its elements and enfolding them, that by 
simply stirring them with a spoon these colour bands can be 
drawn and folded so fine that the diffusion will be instantaneous, 
and the fluid become uniformly tinted. All interna! fluid 
motion other than simple distortion, as in wave motion, is a 
process of mixing, and it is thus from the arts we 'get the due 
to the elementary forms and processes of fluid motion. 

When I put the spoon in and mixed the fluid you could not 
see what went on—it was too quick. To make this dear, it is 
necessary that the motion should be very slow. The motion 
should also be in planes, at right angles to the direction in 
which you are looking. Such is the instability of fluid that to 
accomplish this at first appeared to be difficult. At last, 
however, as the result of much thought, I found a simple 
process which I will now show you, in what I think is 
a novel experiment, and you will see, what I think 
has never been seen before by any one but Mr. Foster and 
myself, namely, the complete process of the formation of a 
cylindrical vortex sheet resulting from the motion of a solid 
surface. To make it visible to all I am obliged to limit the 
colour band to one section of the sheet, otherwise only those 
immediately in front would be able to see between the convolu¬ 
tion of the spiral. But you will understand that what is seen 
is a section, a similar state of motion extending right across the 
tank. From the surface you see the plane vane extending half¬ 
way down right across the tank ; this is attached to a float. 

1 now institute a colour band on the right of the vane out of 
the tube. There is no motion in the water, and the colour 
descends slowly from the tube. 1 now give a small impulse to 
the float to move it to the right, and at once the spiral form is 
seen from the tube. Similar spirals would be formed all across 
the tank if there were colours. The float has moved out of the 
way, leaving the revolving spiral with its centre stationary, 
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showing (he hcrirontal axis of the suital i> half-way between the 1 
bottom amt surface of the tank, in which the water is now 
Simply revolving round tliU axi*. 

Tilts is the vortex in its simplest and rarest form (for a vortex 
cannot exist with its ends exposed). Like an army it must have 
its flanks protected ; hence a straight vortex can only exist 
where it has two surfaces 1o cover its flanks* and parallel ver¬ 
tical surfaces are iml common In nature. The vortex can bend, 
and; with a horse sh.ee axii, can rest Loth its flanks cr. the sace 
surface, as this piece of clay, or unite its ends with a ring axis, 
which is its commonest form, as in the smoke ring. In both 
these cases the vortex will be in motion through the fluid, anti 
less easy to observe. 

These vortices have no motion beyond the rotation because 
they are half-way down the tank. If the vane were shorter 
they would follow the vane ; if it were longer they would 
leave it. 

In ih* same way, if instead of one vortex there were two 
vortices, with their axis parallel, extending right across, the 
one above another, they would move together along the tank, 

I replace the float by another which has a vane suspended 
from il, so that the water can pass both above and below the 
vane extending right across the middle portion of the tank. Jn 
this case I institute two colour bands, one to pass over the top, 
the other underneath the vane, which colour bands will render 
v isible a section of each vortex just as in the last case. I now 
set the float in motion, and the two voriicci turn towards each 
other in opposite directions. They arc formed by the water 
moving over the surface of the vane, dow nwards to get under it, 
upwards (0 get ever if, so that the rotation in ihe upper vortex 
is opposite to that in the tower. All this is just the same as 
before, but instead of these vortices standing still as before, they 
follow at 2 definite distance from the vane, which continues its 
motion along the tack without resistance. 

Now this experiment shows, in the simplest form, the mad us 
cftritrii by which infernal waves can exist in fluid without any 
motion in the external boundary. Not only is this plate moving 
flatwise through the water, but it is followed by all the water, 
coloured and uacolourcd, enclosed in these cylindrical voTticcs. 
Now, although there is no absolute surface visible, yet there is a 
definite surface which encloses these moving vortices, and 
separate? them from (lie water which move? out of their way. 
This surface w ill be rendered visible In another experiment I 
shall show yon. Thus, the water which has only wave motion 
is bounded by a definite surface, the motion of which carresponds 
to the wave ; but inside this closed surface there is also water, 
so that we cannot sec the surface, and this water inside is moving 
round and round, but so that its motion at the bounding surface 
is everywhere the same as that of the outside water. 

The two masses of wattr do not mix. That outside moves 
out of the way of and past the vortices over ihe bounding sur¬ 
face, while the vortices move round and TOund inside the surface 
in such a way that It is moving in exactly the same manner at 
the surface as the wave surface outside. 

This is the key to the internal motion of water. You cannot 
have a pure wave motion inside a mass of fluid with its boundaries 
at rest, but you have a compound motion, a wave motion out¬ 
side, and a vortex within, which fulfils the condition that there 
shall be no sliding of the fluid over fluid at the boundary. 

A mear.i which I hope may make the essential conditions of 
thi' motion clearer occurred to me while preparing this lecture, 
ami to this I will now atk your attention, 1 hay* here a num¬ 
ber of layers of cot ion-wool (wadding). Now I can force any 
body along between these layers of wadding. They yield, as by 
a wave, and let it go through ; but the wadding must slide over 
the surface <rf the body so moving through it. And this it must 
net do if it illustrate the conditions of fluid motion. Now, there 
is one way, and only one way, in which material can be got 
through between the sheets of wadding without slipping. It 
must roll through ; hut this is not enough, because if it rolls on 
ihe under surface it will be slipping on ihe upper. Hut if we 
have two rotters, one on the top of the other, between the sheets, 
then the looser roller rolls on the bottom sheet, the upper roller 
rolls ag.ain>t Ihe upper sheet, so that there is no slipping between 
ihe rollers or the wadding, and, equally important, there is no 
slipping between the rollers as they roll on each other. I have 
only to place a sheet of canvas between the rollers and draw it 
through ; both the flannel rollers roll on ihe canvas and on the 
wadding, which they pass through without slipping, causing the 
wadding to move in a wave oui»jde them, and affording a com¬ 
plete parable of the voitex motion. 
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I will now show by colour bands some of the more striking 
phenomena of internal motion, as presented by nature's 
favourite form of vortex, the vortex ling, which may be de¬ 
scribed as two horse-shoe vortices with their ends founded on 
each other. 

To show the surface separating the water moving with the 
vortex from that which gives way outside, 1 discharge from this 
orifice a mass of coloured water, which has a vortex ring in it 
formed by the surface, as already described. You see the 
beautifully.defined mass moving on slowly through the fluid, 
with the proper vortex ring motion, but very slow. It will not 
go far before a change takes place, owing to the diffusion of 
the vo 1 lex motion across the bounding surface ; then the coloured 
.surface will be wound into (he ring which will appear. The 
mas? approaches ihcdiscin front. It cannot pass, but will come 
up and carry the disc forward ; but the disc, although it docs not 
destroy the ring, disturbs the motion. 

If I send a inure energetic ring, it will explain the phenomenon 
1 showed you at the begianingof this lecture ; it carries the disc 
forward as if struck with a hammer. This blow is not simply 
the weight of the coloured ring, but of the whole moving mass 
and the wave outside. The ring cannot pass the disc without 
destruction with the attendant wave, 

Not only can a ring follow' a disc, but, as with the plane 
vane, so with the disc ; if we start a disc, we must start a ring 
behind it, 

I will now fulfil my promise to reveal the silent messenger E 
sent to those balloon* - . The messenger appears in the form of a 
large smoke ring, which IS a vortex ring in air rendered visible 
by smoke instead of colour. The origination of these rings has 
been carefully set so that the^ balloons arc beyond the surface 
which separates the moving mass of water from live wave, so that 
they arc subject to the wavy motion only. If they are within 
this smface they will disturb the direction of the ring, if they do 
not break it up. 

These arc, if I may say so, the phenomenal instances of in¬ 
ternal motion of fluids. Phenomenal in their simplicity, they 
are of intense interest, like the pendulum, as furnishing the cine 
to the more complex. It is by the light we gather from their 
study that wc can hope to interpret the parable of the vortex 
wrapped up in the wave, as applied to the wind of heaven, and 
the grand phenomenon of the cloud?, as well as those things 
which directly concern us, such as the resistance of our ships. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE , 

OxtMKp.—The Curators of the University Chest hive been 
authorised by Congregation to pay the following sums. 

To the Delegates of the Museum, a sum of £i $0 for each of 
the years 1894, 1S95, for the general expenses of the Museum. 

To the Curators of the RaUnic Garden a sum not exceeding 
^200, to provide for expenses incurred in connection with the 
erection of new houses m the garden. 

The Curators of the University Chest have been authorised 
to expend a sum not exceeding Z700 in making the roams in 
Ihe south corridor in the Museum, and the lofts over them, 
available for the use of ike Hops Professor of Zoology, and to 
pay 10 the Hope Professor of Zoology* in addition to the statut* 
able grant, the sum of £iod for each of the years 1S94-1S9S, 
to provide for the salary of the attendant and other expenses of 
the Department. 

The Delegates of Local Examinations have Approved of the 
introduction of a new examination in the Course lor junior can* 
didaics in elementary physiology and hygiene. 

Among it those on whom ir is proposed to confer the honorary 
degree ot D.C.L. at the Eucornia, is the name of Mr. Francis 
Cal ton, fr\K.S. 

One or more Natural Science Demyships, and Natural 
Science Exhibitions will be awarded by Magdalen College in 
October this year, the examination to commence on Tuesday, 
October 9. 

At Wadham College, in the Scholarship examinations which 
will begin on Thursday, November .’9, nu papers in natural 
science will be set, but in the election to one Gf the Exhibitions 
preference will be given to any candidate whoshall undertake to 
read for honours in natural science, and to proceed to a degree 
in medicine in the University of Oxford. 

At Kettle College an election will be held to one Scholarship 
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